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(54) A method for adjusting an amount of discharge between a plurality of liquid discharge nozzle 
units, an Inkjet driving method using such method of adjustment, and an ink jet apparatus 



(57) A method for adjusting an amount of discharge 
is to adjust the amount of liquid between liquid discharge 
units to discharge the liquid by driving a plurality of elec- 
trothermal transducing elements, which uses a plurality 
of liquid discharge un its arranged corresponding to each 
liquid path lor the creation of air bubbles for discharging 
the liquid, at the same time, being arranged to be capa- 
ble of being driven individually. This method comprises 



the step of variably controlling the starting time of driving 
signal applied to each of the electrothermal transducing 
elements lor the creation of air bubbles in each of the 
discharge units. The variable control thereof makes it 
possible to suppress the variation of discharge amount 
of liquid between the liquid discharge units, hence main- 
taining the amount of liquid discharged from each of the 
discharging units at a constant level to obtain printed 
images of higher quality. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a method for adjusting an amount of discharge to equalize amounts of discharges 
from a plurality of liquid discharge units, an ink jet apparatus for discharging ink droplets from the ink discharge nozzles, 
and a method for driving an ink jet head used for the ink jet apparatus. More particularly, the invention relates to a 
10 method for driving an ink jet head provided with a plurality of heat generating elements for use of air bubble creation, 
each in the ink liquid path corresponding to each of the ink discharge nozzles, for discharging ink by the creation of 
air bubbles by the application of heat. The invention also relates to an ink jet apparatus using such ink jet head. 



15 



Related Background Art 



The ink jet apparatus is well known as one mode of a recording apparatus, such as a printer, a copying machine. 
Of the apparatuses, the ink jet recording apparatus of a method, whereby to create air bubbles by causing thermal 
energy to act upon ink or other liquid, and to discharge ink from the ink discharge ports to fly it by means of the acting 
force following the creation of air bubbles, has been getting more popular rapidly in recent years. As another use of 

20 the Inkjet apparatus using a method of the kind, an ink jet textile printing apparatus is also getting known. This apparatus 
prints specific patterns, designs, synthetic images, or the like on cloths. 

For the conventional ink jet apparatuses including the in k jet textile printing apparatus, there are some cases where 
the amount of discharge may vary due to changes in temperature, or when a plurality of ink discharge nozzles are 
used for discharging ink, the amount of discharge varies between discharge nozzles, and an uneven recording (an 

25 uneven printing) may take place. Several methods have been proposed and practically in use for the suppression of 
the uneven recording that may be caused by changes in temperature and the variation of discharge amount between 
discharge nozzles. 

Now, among ink jet recording apparatuses, the one, which is provided with heat generating elements for the creation 
of air bubbles by means of heat generated by such elements, and which discharges ink by such creation of air bubbles, 

30 tends to allow part of thermal energy applied to the creation of air bubbles to cause the temperature of the ink jet head 
(discharge head) to rise. As a result, the amount of discharge may vary due to the resultant rise of environmental 
temperature, and the temperature of the head itself as well. This variation of discharge amount is brought about by 
changes in ink viscosity, and also, changes in the facility of air bubble creation caused by changes in the temperature 
of ink. Consequently, for example, the head temperature increases as the recording operation progresses, thus leading 

35 to the varied amount of discharges. Then, a problem is encountered that the quality of images changes. In this respect, 
therefore, a proposal has been made to enable an ink jet apparatus of the kind to control not only the discharge amounts 
by adjusting over ail temperatures, but also, to devise a method for utilizing thermal energy more effectively for the 
creation of air bubbles. 

When electrothermal transducing elements are used as heat generating elements, the width of applied pulses is 
40 changed for the creation of air bubbles or before the application of main pulses for the air bubble creation, a pre-pulse 
is applied in the temporal width that is not intensive enough to create any air bubbles, and then, the discharge amount 
is controlled by changing the width of the pre-pulse, and the quiescent time between the pre-pulse and the main pulse. 
Also, a proposal has been made to adopt a control of the discharge amount of the kind for the suppression of the 
variation per discharge nozzle. 
45 However, in accordance with the conventional method for controlling the discharge amount described above, the 

changeable range of the discharge amount is not large enough, and if the rate of printing duty is continuously high, 
the temperature of ink jet head is caused to rise considerably. Therefore, it becomes necessary to secure a sufficient 
margin for the discharge nozzles to execute control to suppress the variation of discharge amount. This marginal 
arrangement automatically restricts the effective use of those proposed methods, and even makes it difficult in some 
so cases to control the variation of discharge amount caused by changes in temperature and the variation between dis- 
charge nozzles sufficiently. 

It is an object of the present invention to provide a new method for adjusting an amount of discharge to equalize 
the discharge amounts between a plurality of liquid discharge units, and at the same time, to provide an Inkjet apparatus 
provided with electrothermal transducing elements as heat generating elements to create air bubbles for discharging, 
55 which is capable of securing a sufficiently wide controllable range for controlling the discharge amount constantly even 
when one or both of variations of the discharge amount are great due to the variation of discharge amount caused by 
changes in temperature of ink and head or caused by the individual difference of a particular discharge nozzle or the 
nozzle group. It is also the object of the invention to provide a method for driving the ink jet head for such ink jet 
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apparatus. 

SUMMARY OF THE INVENTION 

The method tor adjusting an amount of discharge ot the present invention mainly comprises the step of adjustinq 
the amount of liquid between each of liquid discharge units for discharging the liquid by driving a plurality of electro- 
thermal transducmg elements by use of a plurality of liquid discharge units, which are arranged corresponding to each 
'T J*^ to 5 eate air bubbles for discharging the liquid, and at the same time, arranged to be capable of being driven 
individually. This method is to control the discharge amount of liquid between each of the liquid discharge units by 
variably controlling the starting time of driving signal applied to each of the electrothermal transducing elements in 
each discharge unit between each of the liquid discharge units for suppressing the variation of discharge amount of 
liquid between each of the liquid discharge units. 

The method for driving an ink jet head of the present invention mainly comprises a step of driving a plurality of 
electrothermal transducing elements together by providing a plurality of discharge nozzles having a plurality of elec- 
trothermal transducing elements arranged to create air bubbles for discharging ink, and at the same time, arranged to 
be capable of being driven individually. This method is provided with a first central to apply driving signals, each formed 
by the main pulse to generate thermal energy for the creation of air bubbles; the pre-pulse preceding the main pulse 
for heating but not intensive enough to create any air bubbles; and the quiescent time between the main pulse and the 
pre-pulse, such driving signals being applied to the plural electrothermal transducing elements in order to change each 
driving signal itself. This method is also provided with a second control to shift the application timing of the main pulse 
* J to be applied to the plural electrothermal transducing elements in the discharge nozzles, and then, to suppress the 

variation of discharge amount caused by changes in the temperature of ink by means of either one of the first and 
second controls, as well as to suppress the variation of discharge amount between the discharge nozzles by means 
of the other one of the first control and the second control. 
2S Also, for such method for driving an ink jet head, either one of the first control and the second control is performed 

when the temperature detected from the head is within a range up to a specific target temperature in order to suppress 
the variation of discharge amount caused by changes in temperature, and the other one of Ihe first control and the 
second control is performed to suppress the variation of discharge amount caused by the individual difference between 
discharge nozzles or between discharge nozzle groups. When the detected temperature exceeds the target temper- 
ature, the first and second controls are combined to suppress the variation of discharge amount caused by chanqes 
in the temperature of ink. u 

Or with the provision of plural discharge nozzles having a plurality of electrothermal transducing elements arranqed 
to create air bubbles for discharging ink. and at the same time, arranged to be capable of being driven individually it 
is made possible for a method for driving an ink jet head to drive such plurality of electrothermal transducing elements 
together to discharge ink, and then, to suppress the variation of liquid discharge amount between each of the liquid 
discharge units by variably controlling the starting time of application of signals to each of the electrothermal transducinq 
elements in the nozzles for creating air bubbles. 

Also, the ink jet apparatus of the present invention mainly comprises an ink jet head provided with plural nozzles 
having a plurality of electrothermal transducing elements arranged to create air bubbles for discharging ink and at the 
same time arranged to be capable of being driven individually, and arranged to discharge ink by driving such plurality 
of electrothermal transducing elements together. This ink jet apparatus comprises temperature detection means for 
detecting temperatures of the ink jet head; data storing means for storing correction data to correct the variation of 
discharge amount between discharge nozzles or between discharge nozzle groups; driving means for applying drivinq 
signals, each formed by the main pulse to enable each of the electrothermal transducing elements to generate thermal 
energy per d.scharge nozzle for the creation of air bubbles, the pre-pulse preceding the main pulse for heating but not 
intensive enough to create any air bubbles, and the quiescent time between the main pulse and the pre-pulse in 
accordance with recording data; and controlling means for performing a first control to change the conditions of the 
pre-pulse appl.cat.on in accordance with the data stored in the data storing means, and also, performing a second 
so nozl'e l ° ^ ^ appllCati ° n timing ° f the main pulses betwe «>n electrothermal transducing elements per discharge 

Or an ink jet apparatus comprises an ink jet head provided with plural nozzles having a plurality of electrothermal 
transducmg elements arranged to create air bubbles for discharging ink, and at the same time, arranged to be capable 
of be.ng driven individually, and arranged to discharge ink by driving such plurality of electrothermal transducing ele- 
ments together. This ink jet apparatus comprises temperature detection means for detecting temperatures of the ink 
jet head; data storing means for storing correction data to correct the variation of discharge amount between discharge 
nozzles or between discharge nozzle groups; driving means for applying driving signals to enable each of the electro- 
thermal transducing elements to generate thermal energy for the creation of air bubbles per discharge nozzle in ac- 
cordance with recording data; and controlling means for performing a control to shift the application timing of the driving 
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signal between the electrothermal transducing elements per discharge nozzle or discharge nozzle group in accordance 
with the result of detection of the temperature detection means, and the data stored in the data storing means as well. 

With the provision of a plurality of electrothermal transducing elements for the creation of air bubbles in each liquid 
path for each nozzle that comprises the discharge port and the liquid path conductively connected therewith (typically, 

5 an ink path), it is possible to shift the timing of the air bubble creation on each of the electrothermal transducing elements 
by shifting the application timing of the main pulses to be applied to these electrothermal transducing elements for the 
creation of air bubbles, that is, at least one kind of time differential x is set with respect to the application timing of the 
main pulses to such plurality of electrothermal transducing elements. In this way, the timing of air bubble creation on 
each of the electrothermal transducing elements is allowed to shift, hence making it possible to change the discharge 

10 amount of each discharge port. More specifically, if the main pulses are applied at a time (that is, the time differential 
x is set at 0), the discharge amount becomes maximum as described later, and the larger the time differential x when 
applying the main pulses to each of the electrothermal transducing elements, the more is the discharge amount reduced. 
Here, for the present invention, using this time differential x it is intended to control the discharge amount for the 
stabilization thereof. In this way, the discharge amounts are equalized between a plurality of liquid discharge units or 
between discharge nozzles. 

Particularly, for the discharge amount control with respect to an ink jet head, the pre-pulse control and the control 
by means of the time differential x are combined for use, and typically, one of these controls is applied to suppressing 
the variation of discharge amount caused by changes in the temperature of ink, and the other one of them is applied 
to suppressing the variation of discharge amount caused by the individual difference between discharge nozzles (dis- 
20 charge nozzle groups). In this way, even if either one or both of the variation of ink temperature and the individual 
difference between discharge nozzles (discharge nozzle groups) are so large that a sufficiently controllable range 
cannot be obtained just by either one of them, it becomes possible to secure a wide controllable range by the combined 
use of both of them. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view which shows an ink jet recording apparatus in accordance with one embodiment of 
the present invention. 

Fig. 2 is a block diagram which shows the structure of the principle control of the ink jet apparatus represented in 
30 Fig. 1. 

Fig. 3 is a cross-sectional view which shows the ink jet head and the ink cartridge used for the ink jet apparatus 
represented in Fig. 1 . 

Figs. 4A and 4B are cross-sectional views showing one structural example of an ink jet head used for each of the 
embodiments in accordance with the present invention. 
35 Fig. 5 is a graph which shows one example of the relationship between the time differential x and the discharge 

amount V d . 

Fig. 6 is a view which shows the wave form that controls the pre-pulse for changing the temporal widths of off time. 
Fig. 7 is a view which shows the wave form that controls the pre-pulse for changing the lengths of off time. 
Fig. 8 is a graph which illustrates the discharge amount control with respect to the head temperatures in accordance 
40 with the first embodiment of the present invention. 

Figs. 9A and 9B are views showing the wave forms which illustrate the time differential x. 
Fig. 10 is a view showing the wave forms which illustrate the time differential x. 

Fig. 11 is a flowchart which illustrate the discharge amount control in accordance with the first embodiment of the 
present invention. 

45 Fig. 12 is a perspective view which shows an elongated head. 

Fig. 1 3 is a perspective view which shows a head capable of using various kinds of ink. 
Fig. 14 is a perspective view which shows a high resolution head. 

Fig. 1 5 is a perspective view which shows an ink jet head using independently sectional heads. 
Fig. 16 is a graph which illustrates the discharge amount control corresponding to the head temperatures in ac- 
so cordance with a third embodiment of the present invention. 

Fig. 17 is a flow chart which illustrates the discharge amount control in accordance with a fifth embodiment of the 
present invention. 

Fig. 18 is a view which shows both the relationship between the discharged amount V d of a droplet and the dis- 
charging speed v, and the relationship between the product of the discharge port area S c and the distance OH from 
55 the discharge port to the leading end of the heater, and the distance OH. 

Fig. 1 9 is a view which shows the relationship between the result obtained by dividing the discharging speed v by 
the discharged amount V d , and the distance OH. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

accc^Z^ draWi " 9S - ,he deSC ^°" Wi » be mada <- ,he embodiments in 

(First Embodiment) 

Fig. 1 is a perspective view which shows a printer (an ink jet recording apparatus) serving as an ink iet aooaratus 
in accordance with a first embodiment of the present invention apparatus 

On the upper front of the housing of the printer 101. an operation panel 102 is arranged Also on the front aperture 
of the housing of the printer 101 . a sheet feeding cassette 103 is mounted. A sheet 1 04 servin "as a recoS medium 
,s supplied from this sheet feeding cassette 103, and exhausted to an exhausted sheet traj w ESSIES 
earner path n the printer 101. Also, on the portion of the printer 101 on the right-hand side in Fig 1 an apparatus 
cover 106 » arranged, having the sectional shape thereof being in the L-letter?orm. The apparatus cover 106 is ar 
ranged to cover the aperture 107 formed on the right front portion of the printer 101 . and relatively fixed to the inner 
end of the aperture 107 by means of a hinge 108. Also, inside the housing, there is arranged a carriage 1l0 support 

sh'eefinaT T (n< ? T* ThS Carria " 110 iS at ^ ed to be ab,e to h *• width d recZTtnl 

described abovT * " *" """^ "»* * »"» ^ throU 9 h the shee « 

^ r ,h Tf !t Carria9e I 10 °l PfeSent embodiment comprises briefly a stage 110a horizontally supported by the ouide 
or the like; an aperture (not shown) arranged behind and on the stage 110a through which an ink jet head is mountfd 

iXSSiSE k?h h °T 9 6aCh °' CO, ° r Cartrid9eS 3Y 3M ' 3C and 3Bk ' *** are detachab V mounted on 
the stage 1 1 0a through the aforesaid aperture; and a cartridge holder 11 0c arranged to be open and closed with resoec" 

3C and a C 9 : 9a,a9 VV5' ^ l ° Pr6Vent Cartrid9eS ,hUS h ° USed ,r ° m ,a " in 9 ° ff The ink cartridge 3Y 3M 

3C and 3Bk retain each of the corresponding cotor ink to be supplied to each of the ink jet heads to be described ater 

B id Jh "h ,idably ? UPP ° rted by thS 9Uide 0,1 it6 rsar P° rtion ' and a « * a ™ time, the ZSJJSfS 

side thereof ,s arranged to shdably engage with a guide plate (not shown). Here, this guide plate may be the one ttTat 
functions as a sheet pressure member to prevent the sheet 104 from floating while it is being carXS on ttne Ihee 

Z n h I SC J' bed ab ^ V6 ° r bS thS ° ne ,hat fUnC,i ° nS 10 hold tha stage in a cantilever fashion w«h r^pect to 
the guide depending on the thickness of a sheet. respect to 

On the aperture of the stage 110a. each Inkjet head (not shown in Fig. 1) is mounted on it with the ink discharae 
ports be.ngd.rec.ed downwardly Here, each of the ink jet heads is provided corresponding to each cotor nk ' 

cart Jdges^Y 3M IcTd » 2 T *? r^"" 9 the depth direction to housa the 'our ink 

cartndges 3Y. 3M. 3C and 3Bk at a time, and on both sides of the outer side thereof a couolina recess is f«rm«rt t n 

allow each of the coupling nails of the cartridge holder 110c to engage with such recess.rspSveV 

On the front end of the stage 110a. the cartridge holder 110c is relatively fixed by means of a hinqe 116 The 

dimension from the front end of the garage 110b to the hinge 116 is determined in consideration of the dimension Ind 

others of the protruded portion from the front end of the garage 110b when the ink cartridges 3Y. 3V 3cZ 3Bk are 

housed m the garage 110b. The cartridge holder 110c is in the form of a flat plate shaped almos in rectangle On ?he 

cartridge holder 110c a pair of coupling nails 110e are arranged on the upper portions of both sides Ste hoWer 

the Itl 8 T T ° Wer P3rt fbCed by meanS ° f ,hQ hin 9 e 116 The nails P^rude in the direction orthogonS to 
wtfiZStT also engage with the coupling recesses HOd of the garage 110b when the cartridgeTotdS 
11 0c ,s closed. Further, on the cartridge holder 1 1 0c. a fitting hole 1 20 is formed on its plate portion so as to allow each 

oo^JTrT T °T e Cartrid9SS 3Y ' 3M ' 30 and 3Bk t0 be fitted int <> tna ho>a The fitting hole^J is 
pos.tK.ned, configured, and sized corresponding to the gripping portions described above 

Fig. 2 lS a block diagram showing the structural example of the control systems of the ink jet printer described above 

puter for exampte. to execute various modes, which wil. be described later; a ROM 203 that stores programed 
^ZZTS^S^ execution sequences thereof, vottage of heat pulses, pulse widths. andoZ fSd 
com^PO^n 2 mLTn 9 re9 '° n devel °P ment °» ^age data, working area, and others thereon. The 

con roller 200 transmits and receives image data, other commands, status signals, or the like to and from an external 

Ett££%ZXf the reader unit that reads ima9es) 210 8e T 9 as the suppty 3 ° urce of ^ d - 

The operation panel 102 is provided with a group of switches for the operator to input instructions such as a mode 
selection switch 220 for selecting various modes to be described .ater; a power-supp'.y JT^SSSTJSS 
224 to issue command on print-start; and a recovery switch 226 to issue command on the discharge rLZ^eS 
among Somaoths Also , -n the printer 101, there are arranged sensors for detecting the current status of the^^^^^ 
as a sensor group 230. such as a carriage position sensor 232 to detect the home position, starting position and o hers 
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with respect to the carriage 110 (see Fig. 1); and a pump position sensor 234 that includes a leaf switch for use of 
detecting the pump positions. Here, the controller 200 receives the inputted instructions from the operation panel 102, 
and the detection results from the sensor group 230 as well. 

In accordance with the present embodiment, color ink of yellow, magenta, cyan, and black are stored in the ink 

$ cartridges 3Y, 3M, 3C and 3Bk, respectively. These four colors of ink are supplied to the ink jet heads 2Y, 2M, 2C and 
2Bk, respectively. Then, these are discharged onto a recording medium (paper sheet 204) from the ink jet heads 2Y, 
2M, 2C and 2Bk in accordance with recording data. In order to drive the ink jet heads 2Y : 2M, 2C and 2Bk, a head 
driver 240 is provided. The head driver 240 drives electrothermal transducing elements (heaters) in each of the ink jet 
heads 2Y, 2M, 2C and 2Bk in accordance with the recording data and others from the controller 200. At the same time, 

io the head driver is used for driving temperature heaters 30A and 30B for adjusting the temperatures of ink jet heads 
2Y, 2M, 2C and 2Bk ; respectively. 

In accordance with the present embodiment, each of the ink jet heads 2Y, 2M, 2C and 2Bk for use of each color 
is structured on a chip element C by forming a plurality of discharge nozzles as described later. At the same time, the 
structure is made to arrange on the chip element C, the temperature heaters 30A and 30B for adjusting the temperature 

is of each ink jet head; a memory 25 provided for the head to store information on difference in individual elements 
between discharge nozzles; and temperature sensors 20A and 20B for detecting head temperatures. Here, also, the 
controller 200 receives the detected values of temperatures from the temperature sensors 20A and 20B and data read 
out from the memory 25 on the head. The values of temperatures detected by the temperature sensors 20A and 20B 
are those of each head. However, it is safe to consider that these head temperatures indicate ink temperatures in each 

20 ink flow path substantially. 

Further, this printer is provided with a main scanning motor 250 to enable the carriage 110 to travel in the main 
scanning direction; a sub-scanning motor 260 to carry a paper sheet 104 (see Fig. 1) serving as a recording medium 
in the sub-scanning direction, which is orthogonal to the main scanning direction; and motor drivers 252 and 254 to 
drive these motors 250 and 260. 

2S Fig. 3 is a cross-sectional view which shows the ink cartridge 3 (ink cartridges 3Y, 3M, 3C and 3Bk) used for the 

ink jet printer described above, and the ink jet head 2 (ink jet heads 2Y, 2M, 2C and 2Bk) in a state of being connected. 

Each ink cartridge 3 is provided with a chamber 53 for a negative pressure generating member, having an ink 
absorbent 52 filled in it; and an ink retaining chamber 56, having no ink absorbent in it. In the initial state, ink is retained 
in both of these two chambers. Then, along the ink discharges from each ink jet head 2 or the like, ink retained in the 

30 ink retaining chamber 56 is consumed at first. 

Each of the ink jet heads 2 is provided with electrothermal transducing elements (heaters) to generate thermal 
energy utilized for discharging, each two of which are arranged for each of ink paths 42 corresponding to a plurality of 
ink discharge ports 43, and discharges ink supplied from each of the ink cartridges 3 through the corresponding con- 
necting tube 4. 

35 Figs. 4A and 4B are cross-sectional views which schematically illustrate the structural example of such ink jet head 

2, respectively. On the bottom of each ink path 42, two electrothermal transducing elements 45 and 46 are arranged 
as described above. As shown in Fig. 4A, the surface shape of the electrothermal transducing elements 45 and 46 is 
substantially rectangular. These elements are arranged in line in the direction orthogonal to the direction of ink flow in 
the ink path 42 (in the longitudinal direction of the ink path 42) in a broad way. Two electrothermal transducing elements 
40 45 and 46 shown in Fig. 4B are also arranged in line side by side as in Fig. 4A, but in a staggered state if observed 
precisely, that is, a shift is arranged between them in the direction of the ink flow. For the present invention, a plurality 
of electrothermal transducing elements (typically, two of them) may be arranged side by side accurately as shown in 
Fig, 4A or may be arranged side by side but with a shift in the direction of ink flow within a range of the length of the 
electrothermal transducing element as shown in Fig. 4B. 
45 Fundamentally, the electrothermal transducing elements 45 and 46 function satisfactorily irrespective of whether 

these are arranged as in Fig. 4A or as in Fig. 4B unless otherwise specified in the description given below 

For the present embodiment, the surface area of the two electrothermal transducing elements 45 and 46 may be 
the same or different. In this respect, the length of each of the electrothermal transducing elements 45 and 46 is 
fundamentally the same in the longitudinal direction of the ink path 42. if the surface areas should be made different, 
so it may be possible to make the widths (each length in the direction orthogonal to the longitudinal direction of the ink 
path 42) different from each other. The wire electrodes and others (not shown) of the head driver 240 (see Fig. 1) are 
arranged so that each of the electrothermal transducing elements 45 and 46 can be driven separately and individually 
or simultaneously. On the leading end (left-hand side in Figs. 4 A and 4B) of each ink path 42, a discharge port 43 is open. 
In accordance with the present embodiment, the unit structure of each discharge port, which comprises the elec- 
ts trothermal transducing elements 45 and 46, the discharge port 43, the ink path 42, and others, is arranged on one chip 
element in the density of 720 dpi (720 pieces per 25.4 mm), for example, in a specific number for the ink jet head 2. 
Each of the ink paths 42 is separated from each other by means of the liquid path wall 44. Then, on the end portion of 
each ink path 42, opposite to the discharge port 43 side, is conductively connected with a common liquid chamber (not 
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TnlT^Z ^ e ,f h 0t Path 42 '° r USS Thr ° Ugh COmmon ,k > uid chamber " ink is SU PP'^ to each of the 

ink paths 42. Here, the aperture area of discharge port 43 and each of the electrothermal transducing elements 45 and 

46 per unit are the same to each other between discharge port units 

IH/T' 'I 8 de f crip,ion wi " be made of the ^cording operation by the ink jet head 2 structured as described above 

i .k , 8n J ^ 42 iS fi " ed With inkl elec,ric pulse of 8 certain temporal width or more is applied to at least one 
of the electrothermal transducing elements 45 and 46 as driving signal. Then, the electrothermal transducing element 
thus energized generates heat. With this heat, an air bubble is created in part of ink (foaming). By the acting force 

£25L« T, ■"I" °' reSidin9 ° n ' he diSChaf9e POrt 43 Side °' ,he electrothermal transducing element 

,o 1 dlScl ? ar9ed ,rom the discharge port 43 to fly in the direction toward the left-hand side in Figs 4A and 4B After that 

^thtrJnmo ' H e rT ° n e,eC,ra,hermal transduc -9 element disappears by d'efoam'g ink is su^eo 
from the common liquid chamber (not shown) arranged in the right-hand side in Figs. 4A and 4B into the ink path 42 
by means of capillary phenomenon. At this juncture, it is preferable to make an arrangement so that film boiling phe- 
nomenon is generated on the surface of the electrothermal transducing element. The voltage and temporal width of 
pulse are selected to make the generation of such film boiling phenomenon possible 
15 h k N ° W ' L h f ° bjec,ive of the present invention is to make the amount of ink droplets constant when the droplets are 
discharged from each discharge port in accordance with the recording data even if the variation of the discharae 

h 6 T .'w « 6 Vari3ti ° n °' dischaf 9 e amounls b V changes in the temperature of ink or head, and 

also, by the individual difference in discharge nozzles or between the discharge nozzle groups. Therefore in accord- 

20 c^ta V nr V alue PreSent emb0dimem ' the f °" OWin9 controls are combined in order to control the discharge amount at a 

1 ) ^e timing of the main pulses, which form the driving signals, is arranged to shift from each other when applied 
to the two electrothermal transducing elements 45 and 46 provided for each ink path 42 
« temperature ^ ,empera,ure hea,ers ^ and 306 described above, each head is heated to a predetermined 

3) Preceding the application of the main pulses, the pre-pulse is produced to be applied at least to one of the 
electrothermal transducing elements 45 and 46, which also forms the driving signal but not intensive enough to 
create any air bubbles, and then, the temporal width of such pre-pulse is made changeable 

30 Xna\s a " an9ed t0 ° han9e int6fVal ^ tim6) b6tWeen pre - pulse and main pluses . ^ieh form the driving 

Hererthe main pulse means the pulse which creates air bubbles in each of the ink path 42 when applied to cause 
ink to be discharged from each discharge port 43 by the acting force exerted by the creation of such air bubbles 

- for X^Z n eT^eT r,Pti ° n *" * " ^ °' ,he diSChar " M contral u *° d 

,K FOr ! h8 !? j !i h6a ^ 2 described above - *"» electrothermal transducing elements 45 and 46 are arranged in-each 
of the ink paths 42, and the main pulses are applied to both of the electrothermal transducing elements 45 and 46 for 

2™? d , rc != e,S Al <hiS jUnC,Ure ' thS app,ication timin 9 of ^e main pulses for both of electrothermal transducing 

40 !S£2?hf T ,' S !T 9 f d t0 Chan " in an ° rder ° f micro seconds ' ,or example - Th en. " becomes possible to 
change the volume of ink droplets to be discharged from each discharge port 43 even if the temporal width and voltage 
of the mam pulses are constant. s 

| F 5 t 5 .'! 3 f Whi ° h Sh ° WS ° ne example of the relationship between the time differential x of the main pulses 
applied to the electrothermal transducing elements 45 and 46. and the discharge amount V d of the discharge port 43 

46 A POSSibl8 t0 ° blain the maximum recharge amount by applying the main pulses to the 

n ?k Z Z™* 8l8men,S 45 and 46 almost eimultaneously. The large the time differential between main 
pulses the more the discharge amount is reduced. Therefore, it is understandable that the discharge amount is con- 
stable by controlling the time differential x. If the surface areas of the electrothermal transducing elements 45 and 
46 are the same, the relationship between the time differential t and the discharge amount V d presents symmetry 
centering on x = 0 (at the time of the discharge value V d becoming maximum) as far as the observation is made on 
the basis of a measured data obtainable by setting the measurement interval at 0.5 u.s with the time differential x Also 
in a case where the positions of the electrothermal transducing elements 45 and 46 shift to each other in the direction 
of ink flow, the discharge amount V d becomes maximum at x = 0, and it also indicates the tendency as represented in 
the graph shown in F,g. 5. For the present embodiment, when ink droplets are discharged from each of the discharae 
ports 43 in accordance with the recording data, it is arranged to apply main pulses to both of the electrothermal trans- 
ducing elements 45 and 46, and then, the control of the discharge amount is carried out by changing the time differential 

Now the description will be made of the control of the discharge amount using pre-pulse. Before the main pulses 
(for use of a,r bubble creation) are applied, the pre-pulse whose pulse width is not intensive enough to create any air 
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bubbles is applied to the electrothermal transducing elements 45 and 46. Ink residing in the vicinity of the electrothermal 
transducing elements 45 and 46 in the ink path 42 is then heated to make it easier tocreate air bubbles by the application 
of main pulses which follow. As a result, the discharge amount V d increases when the main pulses are applied. 

Fig. 6 is a view which shows the temporal relationship between the pre-pulse P1 and the main pulse P2. This 

5 relationship indicates that the discharge amount is controllable by changing the temporal width of the pre-pulse. Like- 
wise, in Fig. 7, it is shown that the discharge amount is controllable by changing the quiescent time between the pre- 
pulse P1 and the main pulse P2, that is, by changing the length of off time between them. Here, changing the width of 
pre-pulse or the length of off time is termed as a PWM control. 

For the present embodiment, by the combination of the heating by means of the temperature heaters 30A and 

10 30B, and the control of discharge amount by the application of pre-pulse, the control of the discharge amount is im- 
plemented with respect to changes in the head temperature. Then, by changing the setting of the time differential x 
described above, correction is made with respect to the variation of discharge amount caused by the individual differ- 
ence between discharge nozzles. For the present embodiment and each of the embodiments to follow, the control of 
the discharge amount is carried out based on the head temperatures. However, since the temperatures of head and 

is ink are closely related, the execution of control by means of head temperatures essentially means the control executed 
on the basis of the ink temperatures. 

Fig. 8 is a view which illustrates the control of discharge amount with respect to changes in the head temperature. 
Given the target temperature of the temperature adjustment by means of the temperature heaters 30A and 30B as T 0 , 
it is assumed that the adjustment of head temperature is executed by heat generated by the temperature heaters 30A 

20 and 30B within the range up to the temperature T Q ("temperature adjustment range" indicated in Fig. 8). Also, in Fig. 
8, each of the straight lines designated by numerals (1 ) to (11 ) indicates the relationship between the head temperature 
and the discharge amount from the discharge port 43, provided that the pre-pulse condition is constant, and it corre- 
sponds to the pre-pulse condition having a larger discharge amount in order of the smaller number. Here, therefore, 
the pre-pulse conditions are switched over to meet the head temperatures in order to keep the variation of the discharge 

25 amount within a specific width as indicated by thick lines in Fig. 8. More specifically, a table indicating the pre-pulse 
conditions applicable to each specific range of head temperatures is stored on the ROM 203 in the controller 200 of 
the printer or stored in a driver software provided for the operation of this ink jet printer. 

Now, the description will be made of the correction of the variation of discharge amount between discharge nozzles. 
As a method for suppressing the variation of discharge amount caused by the individual difference between dis- 

30 charge nozzles, it has been generally in practice for the conventional art that while securing the processing precision 
at the time of manufacture, no particular control is executed to suppress the variation at the time of driving; the head 
is designed to keep its temperature uniformly; or only a simple control of temperatures is executed to obtain a uniform 
temperature if any control is carried out at the time of driving. There is also an example in which a pre-pulse control is 
executed to suppress the variation of the discharge amounts between discharge nozzles, but it often fails to carry out 

35 the control satisfactorily as anticipated, because a load is too heavy in executing the control of discharge amounts with 
respect to changes in temperature. Also, just by means of pre-pulse control, it is intended to cope with such situations 
as being caused by two factors that result in the varied amount of discharge, that is, the one brought about by the 
variation between discharge nozzles and the other by changes in temperatures. This makes the intended control ex- 
tremely complicated. 

^0 Now, for the present embodiment, it is arranged as described above to execute such control as to shift the timing 

of the main pulses P2 applied to the electrothermal transducing elements 45 and 46 between them in order to control 
the variation between the discharge nozzles. As to the pre-pulse P1 , the application is effectuated simultaneously in 
the same pulse width both for the electrothermal transducing elements 45 and 46. Fig. 9A shows an example in which 
the main pulse P2 is applied to one of the electrothermal transducing element 45 preceding the other one of them 46 

45 by the time differential t. Fig. 9B shows an example in which the time differential is -x, that is, the main pulse P2 is 
applied to the other electrothermal transducing element 46 preceding one of them 45. Further, Fig. 10 shows a case 
where the time differential is x between the main pulses P2 applied to both of the electrothermal transducing elements 
45 and 46, but the pre-pulse P1 is applied only to one of the electrothermal transducing element 45, while no pre-pulse 
is applied to the other one of them 46. Depending on the time differential x between the application timing of the main 

so pulses P2, the discharge amount V d changes as shown in Fig. 5 as described earlier. Therefore, by setting an appro- 
priate time differential t corresponding to the variation of discharge amount between discharge nozzles, it is possible 
to suppress the variation of discharge amount caused by the individual difference between discharge nozzles. In this 
case, while defining the head temperature as the target temperature T when designing the temperature control, either 
the discharge amount per discharge nozzle or the dot diameter on a recording medium provided by discharged ink is 

55 measured or the time differential x that makes the discharge amount or dot diameter constant is measured, and then, 
a table is prepared to indicate the time differential t per discharge nozzle. This table is stored on the memory 25 
provided for the head. The table 1 shows one example of such table as to indicate the time differential x per discharge 
nozzle. 
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(TABLE 1 ) 



Nozzle No. 


1 


2 


3 


4 


5 


6 


7 


8 




Time differential t (\x sec) 


1.5 


1.8 


2.4 


2.1 


3.0 


2.4 


3.4 


2.1 





40 



for thThlS oMhf " . Tl* ™™ nm 1 per dischaf 9 e nozzle is rea ° out from the table stored on the memory provided 
nozzl bvlhi 2^5C , , 2 ' T d ! PP ' iCati0n timi " 9 ° f ,he mai " Pu,se is caused to *" between the dLharge 
aSa^ge noiteT ' S fe ° Ut - ' n ,hiS ^ ^ Varia,bn ° f diSChar9e amoun, is jessed between 

dinerentiau IntZTZT^™* *~ T" prOCedU{es at the time of Perming such control by means of time 
Tn wm hi m»l i V meanS °' Pre " PU ' Se f ° r ,em P« ra,ure ^ntrol simuttaneously. Here, the descrip- 

tion will be made on the assumption that the head temperature is detected at intervals of 20 ms At first the I 
different x is obtained from ,he memory 25 on head per discharge nozz.e (discharge unit) t ^eHhe , Ime S^renS 
t between the main pu. S es per discharge nozzle (step 1 5, ). Then, i, is determined whether or nounl ead temperate 
irSJ? h P h6ad tem P eralure T » is the detected temperature is ass gned I to the 

noL^T head ,emperatUre tor P fesent sa ^P»"9 (step 153). The head temperatures (T^ to 
T n ) of the past 4-samplmg porKon ,s averaged to make them an averaged head temperature T n (step 154) After that 

step 155). If the head temperature T n is not up to the target temperature T 0 , the head is heated by meanTo f he 
temperature heaters 30A and 30B (step 156). Then, the process returns to the step 1 52 

hoa ' n ' he S,SP 15 !l if , tne resu,t of tne ewnparison is T n ^ T c , the pre-pulse condition is selected corresponding to the 
head temperature T n from the table that indicates pre-pu.se condftions in order to perform the pre-pulse cont Z£ he 
bas,s of temperatures as described above (step 1 57), and then, the main pulses are applied to each of thTdiscTa oe 
sTJ^h! ,ranSdUCin ^ e,e ™ nts 45 a " d * (st«P 158). At this juncture, the pre-pute LndSs 

™1 „, J* T f e ! CtSd th8 StSP 157 ' and 3t thS Same time ' ,he of mai " P"'ses is caused to shif^ between 

one of the electrothermal transducing element 45 and the other one of them 46 per discharge nozzle in accorc£nc2 

dif,9ren ! ial T ° btain8d thS St6P 151 Then ' the ,ime differential * is detined - r^nce at TSTof 
apprymg the mam pulse to the one of the electrothermal transducing element 45, and also, the period oTthe offTme 

for the pre-pulse control is regufeted by means of one of the electrothermal transducing element S Tn thl way™ 

^:;r;r ib% of ,he off time con,ra, and the m L - 

When the application of main pulse to each of the electrothermal transducing elements 45 and 46 is competed 

TjZ%\T S T d t '° T - 3 (S,8P 159) ' th6 T - iS aSSi9ned t0 "» J ~ < ste P "»>■ and the T n is ass^nedToTh? T 

inn P J \h *° aVera9e th6 hSad ,em P eratures b V ad ding in the newly measured value o the head temperature 
and then, the process returns to the step 1 52. temperature, 

th„ .IThJT d Tf "li 0 ",! 138 1 66 " made ° f 106 firSt embodime "t of the present invention. However, instead of storing 
the tone differential t itself on the memory 25 provided for the head, it may be possible to classify the time different Lis 

TtoSzszzzr* in advance as shown in the tab,e 2 ' and then - ,o pertorm ^ >» 
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(TABLE 2) 



Nozzle No. 


1 


2 


3 


4 


5 


6 


7 


8 




Rank No. 


2 


3 


2 


5 


4 


3 


4 


2 





rom™? ^T' SUCh acorres P ondin 9 table of the rank and time differential x as shown in the table 3 is stored on the 
the I S print 20 ° : " 25 Pr ° Vided f ° r <he head ° r in thS driVSf SOftware -ed for ope'fing 

(TABLE 3) 



Rank No. 


1 


2 


3 


4 


5 


6 


» * • 


Time differential t (\x sec) 


0 


0.4 


0.6 


0.8 


1.0 


1.2 


■ • • 



Here the memory 25 on head will be described. As the memory 25 on head, an electronic circuit is arranaed on 
the chip element, and it is generally practiced that wires are drawn around in the same manner as to draw w /esTound 
the electrothermal transducing elements for use of discharge. In this case, the data stored on the merT^pro^ 
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for the head are read out as electric signals. Besides, the data may be read out by the various ways corresponding to 
the adopted methods, such as using a memory storing data magnetically or optically, or storing them in the irregular 
configuration, among some others. 

In accordance with the embodiment described above, the discharge nozzle groups, which become the objects for 
5 the correction of variation brought about by the individual difference between discharge nozzles, are not necessarily 
limited to those within one and the same chip element. These objective nozzle groups may be present over a plurality 
of chip elements. On one independent ink jet head, one or plural chip elements are installed, and even when a plurality 
of such ink jet head are used, it is possible to control the variatbn of discharge amount by means of the method 
described above per discharge nozzle. Moreover, it may be possible to adjust the variation of discharge per chip element 
10 by means of the application of the time differential x as described earlier. 

Now, hereinafter, the description will be made of the example of an ink jet head using a plurality of chip elements. 

Fig. 12 shows an elongated head 81 of a fully multiple head where a plurality of chip elements 6 are formed in one 
line in the arrangement direction of discharge nozzle array to provide many numbers of discharge ports 43. 

Fig. 13 shows a head 82 for use of multiple kinds of ink prepared by arranging a plurality of chip elements 6 in the 
is direction orthogonal to the direction of discharge nozzle arrays, thus making it possible to use the different chip element 
6 for each of different kinds of ink, respectively. 

Fig. 14 shows a high resolution head 83 prepared by stacking a plurality of chip elements 6, each having pitches 
D between discharge ports 43, in mth number in the scanning direction, and also, by displacing the nozzle arrangement 
in an amount of 6 (= D / n) between adjacent chip elements 6 in the top to bottom direction, thus making it possible to 
20 record in a high resolution of mn dots per unit lenglh, which is n times the pitches of discharge ports 43. Here, the 
discharge amount of ink droplet 8 discharged from each of the discharge ports 43 is assumed to be an amount capable 
of obtaining the dot diameter corresponding to the recording resolution (mn dots per unit length) described above. 

Further, Fig. 15 is a head structured by dividing a fully multiple head into a plurality of independently sectional 
heads 84 so that only the independent head 84, which presents malfunctions, such as disabled discharge, twisted 
2$ discharge (that is, ink droplets are twisted when discharged), is replaced. Here, the number of discharge nozzles on 
the chip element 6 of each independently sectional head 84, and the number of chip elements 6 that constitute each 
of the independently sectional head 84 can be defined arbitrarily. Also, the configuration of contact surface between 
chip elements 6 and the independently sectional heads 84 may be made in any way if only such configuration makes 
it easy to position them. 



30 



45 



(Second Embodiment) 



Now, the description will be made of a second embodiment in accordance with the present invention. 
As the structure of an ink jet head, a plurality of chip elements, each having a plurality of discharge nozzles, are 
35 often arranged to provide one head. In this respect, the variatbn of discharge amount tends to be smaller between 
discharge nozzles on one and the same chip element, and it becomes larger between chip elements. Here, a discharge 
control is performed by shifting the application timing of the main pulses in order to suppress the variation of discharge 
amount between chip elements for an ink jet recording apparatus that uses a plurality of chip elements, each having 
a discharge head structured as shown in Figs. 4A and 4B. 
40 Within one and the same chip element, one and the same time differential x is used with respect to all the discharge 

nozzles as far as the timing of the main pulses is concerned. Also, the control by means of the pre-pulse is adopted 
as conventionally in use for controlling the variation of discharge amount caused by changes in the head temperature. 
Then, the head temperature is set at the designed target temperature T 0 in advance for the performance of the tem- 
perature control. After that, the averaged discharge amount per droplet per chip element or the diameter of a dot 
provided by discharged ink on a recording medium is measured or the time differential x that enables the averaged 
discharge amount or dot diameter to become the target amount of the control is measured. Then, in accordance with 
the measured data, the table that indicates the time differential x per chip element is prepared, and stored on the 
memory provided for the ink jet head. When printing, the application timing of the main pulses is caused to shift per 
chip element by the amount equal to the value of the time differential x stored on the memory on head, hence eliminating 
so the variation of discharge amount between chip elements. 

As the ink jet head that uses a plurality of chip elements, there are an elongated head such as a fully multiple 
head, having a plurality of chip elements arranged in line in the direction of discharge nozzle array as shown in Fig. 
1 2 to form many numbers of discharge nozzles; a head for use of many kinds of ink provided with different chip element 
per different kind of ink as shown in Fig. 1 3; a high resolution head having a plurality of chip elements which are stacked 
ss in the scanning direction, while being slightly displaced from each other as shown in Fig. 1 4, among some others. Also, 
as in the first embodiment, instead of the time differential x itself being stored on the memory provided for the head, it 
may be possible to perform the control in accordance with the time differential x per rank by classifying the time differ- 
entials into ranks of several stages in advance, which are stored on the memory on head. Also, one or plural chip 
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elements are installed on an independently sectional head, and even when a plurality of such independently sectional 
heads are used, it is possible to adopt the method described above for the control thereof. The present embodiment 
is also applicable to such structure as to be arranged by dividing a fully multiple head into a plurality of independently 
sectional heads, hence making it possible to replace only the independently sectional head for which disabled dis- 
5 charge, twisted discharge, or other malfunction takes place. 

(Third Embodiment) 

For the first embodiment described above, the discharge amount control is made by means of the pre-pulse control 
io with respect to the changes in the head temperature, and then, the time differential x is set between main pulses when 
being applied to the two electrothermal transducing elements, thus suppressing the variation of discharge amount 
caused by the individual difference between the discharge nozzles. However, in accordance with a third embodiment 
of the present invention, the discharge amount control is performed by means of the time differential x with respect to 
changes in the head temperature, while the pre-pulse control is adopted for suppressing the variation caused by the 
individual difference between discharge nozzles. Here, it is assumed to use an ink jet head having a plurality of dis- 
charge nozzles (discharge ports 43) as shown in Figs. 4A and 4B, each having two electrothermal transducing elements 
45 and 46 arranged in the ink path 42 of each of the discharge nozzles. 

As described above, if the time differential x is set for the application timing of the main pulses between the two 
electrothermal transducing elements 45 and 46 in one and the same ink path 42, the discharge amount V d is allowed 
to change. By shifting the application timing of main pulses in this way, it is possible to perform the discharge amount 
control as shown in Fig. 1 6 with respect to changes in the head temperature. 

Fig. 1 6 is a view which illustrates the control of discharge amount with respect to changes in the head temperature. 
Given the target temperature of the temperature adjustment by means of the temperature heaters 30A and 30B as T 0 , 
it is assumed that the adjustment of head temperature is executed by heat generated by the temperature heaters 30 A 
and 30B within the range up to the temperature T 0 ("temperature adjustment range" indicated in Fig. 16). Also, in Fig. 
1 6, each of the straight lines designated by numerals (1 ) to (11 ) indicates the relationship between the head temperature 
and the discharge amount from the discharge port 43 : provided that the pre-pulse condition is constant, and it corre- 
sponds to the pre-pulse condition having the smaller absolute value of the time differential x with the larger discharge 
amount in order of the smaller number. Here, therefore, the pre-pulse conditions are switched over to meet the head 
30 temperatures in order to keep the variation of the discharge amount within a specific width as indicated by thick lines 
in Fig. 1 6. More specifically, a table indicating the pre-pulse conditions applicable to each specific range of head tem- 
peratures is stored in advance as described later. Here, it is assumed that the temperature control is performed by 
heating the* head up to the target temperature T 0 of the temperature control by means of temperature heater 30A and 
30B or the like. 

3s Also, preceding the main pulses, pre-pulse is applied to each of the electrothermal transducing elements 45 and 

46, and then, by changing the width or off time of the pre-pulse, the discharge amount is controlled to suppress the 
variation of discharge amount between discharge nozzles. More specifically, the discharge amount per discharge noz- 
zle or the dot diameter provided by the discharged ink on a recording medium is measured in advance with respect to 
the target temperature T c of the temperature control, or the pre-pulse condition, which makes the discharge amount 
or dot diameter constant, is measured per discharge nozzle, and then, the pre-pulse condition is stored on the memory 
25 provided for the recording head in order to compensate the individual difference between discharge nozzles. At this 
juncture, the time differential x is set at 0, and the pre-pulse condition is determined so as to enable the discharge 
amount at the target temperature T 0 to become the predetermined target value, or it may be possible to check in 
advance the time differential x, which enables the pre-pulse control to eliminate the variation of discharge amount 
between discharge nozzles on one and the same chip element or over a plurality of chip elements, and then, to enable 
the discharge amount at the target temperature T 0 to become the target amount. This time differential x is stored on 
the RAM 203 in the controller 200 of the printer or in the driver software for the operation of the memory of this ink jet 
printer. 

With the execution of these measurements and the setting of the pre-pulse condition (including the setting of the 
time differential if the time differential x is not set at 0 at the target temperature T 0 ), the variation of discharge amount 
is eliminated between discharge nozzles when the head temperature is at the target temperature T 0 , and at the same 
time, the discharge amount from each of the discharge nozzles is made equal to the target amount. 

Now, when operating an actual recording (printing), pulses are applied to the electrothermal transducing elements 
45 and 46 in accordance recording data. Therefore, the head temperature is caused to rise above the target temperature 
T 0 . In order not to cause the discharge amount to increase from each discharge port irrespective of such temperature 
rise, and also, to keep it to be equal to the discharge amount at the target temperature T 0 , the absolute value of the 
time differential x is allowed to increase accordingly as the temperature rises. The table, which indicates the appropriate 
time differential x with respect to the temperatures that rise beyond the target temperature T c is stored in advance on 



40 



45 



so 



ss 



11 

BNSDOCID: <EP 0816085A2J > 



EP 0 816 085 A2 



the ROM 203 in the controller 200 of the printer or in the driver software for operating the memory of the ink jet printer. 

When recording (printing), the time differential x is set for the main pulses in accordance with the result of the 
temperature detection by means of the temperature sensors 20A and 20B. At the same time, the pre-pulse condition 
stored on the memory 25 provided for the head is read out to apply the pre-pulse to each of the discharge nozzle in 
accordance with the stored condition thus read out. Then, with such execution of the pre-pulse control, and the setting 
of the shift in the timing of the main pulse application, the discharge amount becomes constant irrespective of the 
temperature rise of the head and the individual difference between discharge nozzies : hence making it possible to 
present the result of recording (printing) without any unevenness. 

Here, for the present embodiment, instead of the value of the time differential x itself, and the values of pulse width 
or off time themselves with respect to the pre-pulse control being stored on each of the memories, it may be possible 
to perform the control in accordance with the time differential t and pre-pulse condition per rank by classifying time 
differentials and pre-pulse conditions into ranks of several stages in advance, which are made readable from each 
memory corresponding to the respective ranks. 

For the embodiment described above, the discharge nozzle group, which is the object of correction of the variation 
caused by the individual difference between discharge nozzles, is not necessarily limited to those within one and the 
same chip element, but such object may include a plurality of chip elements. One or plural chip elements are installed 
on one independent ink jet head, and even when a plurality of such ink jet heads are used, it is possible to adopt the 
method described above for the control of the variation of discharge amount per discharge nozzle. As the ink jet head 
that uses a plurality of chip elements, there are an elongated head such as a fully multiple head, having a plurality of 
chip elements arranged in line in the direction of discharge nozzle array as shown in Fig. 12 for the formation of many 
numbers of discharge nozzles; a head for use of many kinds of ink provided with different chip element per different 
kind of ink as shown in Fig. 13; a high resolution head having a plurality of chip elements which are stacked in the 
scanning direction, while being slightly displaced from each other as shown in Fig. 14, among some others. Further, 
it is possible to perform the intended control with the method described above even for a plurality of independently 
sectional heads, each having one or plural chip elements installed on it. The present embodiment is also applicable 
to the structure arranged by dividing a fully multiple head into a plurality of independently sectional heads, hence 
making it possible to replace only the independently sectional head for which a malfunction takes place, such as dis- 
abled discharge, twisted discharge, among some others. 

(Fourth Embodiment) 

Now, the description will be made of a fourth embodiment in accordance with the present invention. 

As the structure of anink jet head, a plurality of chip elements, each having a plurality of discharge nozzles, are 
often arranged to provide one head. In this respect, the variation of discharge amount tends to be smaller between 
discharge nozzles on one and the same chip element, and it becomes larger between chip elements. Here, a discharge 
control is performed by shifting the application timing of the main pulses in order to suppress the variation of discharge 
amount caused by individual difference between chip elements for an ink jet recording apparatus that uses a plurality 
of chip elements, each having a discharge head structured as shown in Figs. 4A and 4B. To this end, within one and 
the same chip element, one and the same pre-pulse condition is adopted for all the discharge nozzles. Then, for the 
discharge control with respect to changes in the head temperature, the control by means of the time differential t of 
the application timing of main pulses is adopted for the two electrothermal transducing elements 45 and 46 arranged 
for the same nozzle. Here, it is assumed that the temperature is raised up to the target temperature T c designed for 
the temperature control by means of the temperature adjustment using the temperature heaters. 

Then, the head temperature is set at the designed target temperature T 0 in advance for the temperature control. 
After that, the discharge amount per chip element or the diameter of a dot provided by discharged ink on a recording 
medium is measured or the pre-pulse condition that enables the discharge amount or dot diameter to become constant 
is measured. Then, the pre-pulse condition is stored on the memory provided for the head. At this juncture, it is possible 
to determine the pre-pulse condition so that the discharge amount at the target temperature T 0 becomes the prede- 
termined target value on condition that the time differential t is set at 0 or it may be possible to check in advance the 
time differential t, which enables the pre-pulse control to eliminate the variation of discharge amount between discharge 
nozzles on one and the same chip element or over a plurality of chip elements so as to allow the discharge amount to 
become the target amount at the target temperature T 0 . This time differential is stored on the ROM 203 in the controller 
200 of the printer or in the driver software for operating the memory of the ink jet printer. 

When printing, the pre-pulse control is performed per chip element in accordance with the pre-pulse condition 
stored on the memory provided for the head. Here, along the recording operation, the head temperature rises generally 
With respect to this temperature rise, the absolute value of the time differential t is made larger. With the performance 
of the control described above, it is possible to eliminate the variation of discharge amount caused by the individual 
difference between chip elements, and to make the discharge amount constant irrespective of the increase of the head 
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temperature. As a result, recording is performed without any unevenness. 

Here, for the present embodiment, instead of the value of the time differential t itself, and the values of pulse width 
or off time themselves with respect to the pre-pulse control being stored on each of the memories, it may be possible 
to perform the control in accordance with the time differential t and pre-pulse condition per rank by classifying time 
differentials and pre-pulse controls into ranks of several stages in advance, which are made readable from each memory 
corresponding to the respective ranks. 

As the ink jet head that uses a plurality of chip elements, there are an elongated head such as a fully multiple 
head, having a plurality of chip elements arranged in line in the direction of discharge nozzle array as shown in Fig. 
1 2 for the formation of many numbers of discharge nozzles; a head for use of many kinds of ink provided with different 
chip element per different kind of ink as shown in Fig. 13; a high resolution head having a plurality of chip elements 
which are stacked in the scanning direction, while being slightly displaced from each other as shown in Fig. 14, among 
some others. Further, it is possible to perform the intended control with the method described above even for a plurality 
of independently sectional heads, each having one or plural chip elements installed on it. The present embodiment is 
also applicable to the structure arranged by dividing a fully multiple head into a plurality of independently sectional 
heads, hence making it possible to replace only the independently sectional head for which a malfunction takes place, 
such as disabled discharge, twisted discharge, among some others. 

(Fifth Embodiment) 



For the present embodiment, the same ink jet head as described in conjunction with the first embodiment is used 
(see Figs. 4A and 4B), and both the pre-pulse control and the control by means of shifting the timing of the main pulses 
are adopted for controlling the discharge amount. For each of the embodiments described above, the pre-pulse control 
is performed with respect to either one of the controls of the variation caused by changes in temperature and the 
variation between discharge nozzles (discharge nozzle groups), and the discharge amount control by means of the 
time differential x is adopted for the other one of them. However, with the combination of these two discharge amount 
. controls, it becomes possible to obtain a wider variable range of discharge amount practicably. More specifically, the 
time differential x is maximized for the main pluses, while the minimum condition of discharge amount is set for the 
pre-pulse condition, and then, these are combined to present the minimum condition of discharge amount using these 
two method for controlling discharge amount. Also, on the contrary, the time differential x for main pulses is set at 0, 
30 while the maximum condition of discharge amount is set for the pre-pulse condition, and then, these are combined to 
present the maximum condition of discharge amount using the two method for controlling discharge amount. 

In this respect, for the present embodiment, the same method as described for the first embodiment to fourth 
embodiment is adopted with respect to the target temperature T 0 of the temperature control. Then, if the control, which 
is performed by either one of the method for shifting the timing of the main pulses used for the discharge amount control 
with respect to changes in temperature and the method for adopting the pre-pulse control, should reach the controllable 
limit due to the temperature rise, the remaining power of control still available by the other one of these methods is 
combined with the method currently in use in the temperature range beyond the limit of such controllable temperature. 
In this way, the discharge amount is prevented from being increased by use of both methods for controlling discharge 
amount accordingly. 

Fig. 17 is a flowchart which shows the control procedures for the fifth embodiment in accordance with the present 
invention. Here, the pre-pulse control is performed for the control with respect to changes in head temperature, while 
the correction of variation between discharge nozzles is made by setting the time differential t. Here, the description 
is made on the assumption that the head temperature is detected at intervals of 20 ms. Also, the maximum head 
temperature, which enables the pre-pulse control to perform the discharge amount control, is given as T L (see Fig. 8). 
At first, in the same manner as the first embodiment, the time differential x is read out from the memory 25 on head 
per discharge nozzle (discharge unit) to set the time differential of the main pulses per discharge nozzle (step 151). 
Then, it is determined whether or not the head temperature T h is detected (step 152). If affirmative, the detected 
temperature is assigned to T n that represents the head temperature of the current sampling (step 153). The head 
temperatures (T n . 3 to T n ) of the past 4-sampling portion is averaged to make them an averaged head temperature T n 
(step 154). After that, the target temperature of the temperature control (designed temperature) T Q and the head tem- 
perature T n are compared (step 155). If the head temperature T n is not up to the target temperature T G , the head is 
heated by means of the temperature heaters 30A and 30B (step 156). Then, the process returns to the step 152. 

In the step 155, if the result of the comparison is T n > T 0 , the pre-pulse condition is selected from the table that 
indicates pre-pulse conditions corresponding to the head temperature T n in order to perform the pre-pulse control on 
the basis of temperatures as described above (step 1 57), and then, it is determined whether or not the averaged head 
temperature T n is beyond the maximum temperature T L (to be exact, T L - 1 ), which is controllable by means of the pre- 
pulse control. If the head temperature does not reach the controllable maximum head temperature T L , the process 
proceeds to step 158. If it has reached the temperature T L , the increased portion corresponding to the value, which is 
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4 

obtainable by reducing the T L from the head temperature T n at that time, is added to the time differential t per discharge 
nozzle, and then, such newly added value is set as a new time differential. Thus, the process proceeds to step 15B. 
In other words, when the head temperature rises beyond the controllable limit of the pre-pulse control, the time differ- 
ential is made larger in order to continue the discharge amount control with respect to such temperature rise. 

5 In the step 158, the main pulses are applied to each of the discharge nozzles of the electrothermal transducing 

elements 45 and 46. At this juncture, the pre-pulse condition is set at the one selected in the step 157. At the same 
time, the time differential x per discharge nozzle with respect to the main pulse timing is set at the time differential 
obtained in the step 151 . In this respect, il the determination is affirmative in the step 1 21 , and the process is allowed 
to proceed to the step 122, the time differential that is newly set in the step 122 is adopted here. 

10 When the application of main pulse to each of the electrothermal transducing elements 45 and 46 is completed, 

the T n _ 2 is assigned to the T n _ 3 (step 1 59), the is assigned to the T n . 2 (step 1 60), and the T n is assigned to the T n . 1 
(step 1 61 ) in order to average the head temperatures by adding in the newly measured value of the head temperature, 
and then, the process returns to the step 152. 

The first embodiment to fifth embodiment described above are particularly important for a fully multiple ink jet head. 

is Of the ink jet recording apparatuses, those of the serial type often perform printing by use of plural passes, and it is 
rear that the same line is printed by one discharge nozzle entirely. Therefore, even if there is variation of discharge 
amount between discharge nozzles, the influence of such variation is not concentrated on one part of a recording 
medium intensively. Such variation spreads over on the recording medium to make it less conspicuous after all. How- 
ever, for the fully multiple head, the same line is printed entirely by one discharge nozzle fundamentally. Therefore, 

20 the variation of the discharge amount between discharge nozzles brings about the unevenness of prints as it is in the 
form of stripes on a recording medium. Also, since the same line is all printed by one discharge nozzle, the printing 
duty is caused to increase on a part of discharge nozzles when printing ruled lines or the like, and the temperature of 
such nozzles becomes higher to make it easier to increase discharge amount accordingly. Therefore, it is extremely 
important to suppress the variation of discharge amount between discharge nozzles. 

25 Particularly, when intermediate gradation is represented by means of a dummy system or the like, it should be 

arranged to suppress not only the occurrence of density unevenness, but also, changes in color tone when printing in 
colors. Further, since the fully multiple head is long, the variation tends to take place between discharge nozzles for 
reasons related with its manufacture, and also, the variation of temperature becomes larger when the nozzles are in 
use. In addition, it is difficult to arrange one line of heads by use of a single chip element as the fully multiple head. 

30 Therefore, a plurality of chip elements should be used to structure such head. For reasons related with manufacture, 
properties of chip elements are caused to differ from each other, and also, the temperature of each chip element 
become different from each other in use. These tend to cause the variation of discharge amount. As a result, it is 
required to carry out temperature detection per chip element or per discharge nozzle, for controlling discharge amount 
with respect to changes in temperature. In order to measure the temperature per chip element, it may be possible to 

35 install the temperature sensor on each base plate (chip substrate) having electrothermal transducing elements ar- 
ranged thereon or on the metallic base plate having the chip base plate arranged thereon, because these plates support 
a plurality of discharge nozzles, thus being in a state of presenting an almost averaged temperature thereof. However, 
in order to measure the temperature per discharge nozzle precisely, there is a need for the formation of such sensor 
on the wall surface that faces each of the discharge nozzles. 

40 

(Sixth Embodiment) 

Here, using an ink jet head as shown in Figs. 4A and 4B the discharge amount control only by means of shifting 
the application timing of main pulses is adopted for both of the discharge amount controls of variation of discharge 

45 amount caused by changes in temperature, and the variation of discharge amount between discharge nozzles. In 
accordance with the present embodiment, the variation of discharge amount is suppressed between discharge nozzles 
by means of the target temperature T 0 of the temperature control, and the time differential x, which enables the discharge 
amount to become the target amount, is checked in advance per discharge nozzle. Then, the table that indicates such 
time differential x is stored on the memory 25 provided for the head. As to the rise of head temperature beyond the 

50 target temperature T G of the temperature control, it may be possible to arrange a table that indicates the time differential 
x per discharge nozzle per head temperature, and store such table on the memory 25 provided for the head. However, 
since the volume of such information becomes enormous, a check is made to find an appropriate increase of value for 
the time differential x corresponding to the temperature rise with respect to each time differential x at the target tem- 
perature. Then, a table that indicates the relationship between such value thus checked and the referenced time dif- 

55 ferential is stored on the memory 25 provided for the head, on the ROM 203 in the controller 200 of the printer, or in 
the driver software for operating the memory of the ink jet printer. Here, it may be possible to execute the variation 
control per chip element, not necessarily per discharge nozzle. 

For the present embodiment, it may be possible to stabilize discharge by use of pre-pulse. If the pre-pulse should 
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be used, it is more effect to implement the combined use of the pre-pulse control as referred to in the first to fifth 
embodiments. However the present embodiment is particularly effective when it is desirable to avoid increasing the 
head temperature by use of pre-pulse. In accordance with the present embodiment, it is possible to suppress the 
temperature rise of the head by not using the pre-pulse. In this case, there is no need for the provision of any mechanism 
required for applying the pre-pulse. 

(Seventh Embodiment) 

For the first embodiment to sixth embodiment, densities are checked with respect to the prints obtainable by per- 
forming a solid printing, and dummy printing for intermediate gradation, among some others such as pattern printing 
per discharge nozzle or per chip element or per head or per discharge nozzle group for a plurality of continuous dis- 
charge nozzles or per discharge nozzle group belonging to the block of divisional driving. It is preferable to regulate 
the unit of such checks to the control unit with respect to the individual difference between discharge nozzles (discharge 
nozzle groups). However, the unit is not n ecessarily limited to such control. The discharge amount is controlled between 
discharge nozzles (groups) in accordance with the density information of prints per discharge nozzle (group) thus 
checked as described above instead of storing the information of the individual difference between discharge nozzles 
(groups) on the memory provided for the head or in the driver software of the printer as in the first embodiment to sixth 
embodiment. More specifically, the discharge amount is controlled to the target amount by means of a method for 
preparing a conversion table to obtain the discharge amount from the density of prints; a method for preparing a con- 
version table in which the correction amount is described for the discharge amount control based upon the density of 
prints; or a method for continuously operating printing and making density measurement simultaneously, while changing 
the discharge amounts until all the density of prints becomes a predetermined specific value. For means for controlling 
the discharge amount in such a manner, it is possible to adopt means for suppressing the variation between the dis- 
charge nozzles (groups) used for the first embodiment to sixth embodiment, that is, the controls by means of the pre- 
pulse control and the time differentials x of the main pulse application as well. 

Now, the present embodiment has been described. However, it may be possible for the present embodiment to 
arrange the control so as to suppress not only the variation between the discharge nozzle and the variation between 
chip elements, but also, the variation between discharge nozzle groups for a plurality of continuous discharge nozzles 
and the variation between the discharge nozzle groups belonging to the block of the divisional driving as the objects 
of the discharge amount control with respect to the variation caused by individual difference. 

Now, the description will be made of a preferable position of the electrothermal transducing elements 45 and 46 
in the ink path 42 of the ink jet head shown in Figs. 4A and 4B. 

Fig. 18 is a view which shows the relationship between the discharge amount V d of the droplet from the discharge 
port 43 and the discharging speed v of this droplet, and also, between the product of the area SO of the discharge port 
and the distance OH from the discharge port 43 to the leading end of the electrothermal transducing elements 45 and 
46 (the leading end on the discharge port 43 side), and this distance OH. Fig. 1 9 is a view which shows the relationship 
between the result obtainable by dividing the discharging speed v by the discharge amount V d and the distance OH 
In Fig. 18 and Fig. 19, singular points a and b are regulated, and the distance OH is divided into three areas that is 
an area A which is above a; an area B which is below b; and an area C which is between the a and b 

As the tendency characteristic to each of the areas, the discharging speed v and the discharge amount V d presents 
a substantially proportional relationship between them as the distance OH becomes larger in the area A and it is 
possible to point out that the v / V d is almost constant; also, in the area B, the discharge amount V d is substantially 
proportional to the product of the area S 0 of the discharge port and the area OH: and in the area C, it is possible to 
point out that the discharge amount V d is almost constant. Also, each of the areas A to C described above may be 
defined as given below in consideration of the discharge amount V d and the discharging speed v respectively 
(With a view given to the discharging speed v) 

Area A: a zone where the discharge amount V d is reduced as the distance OH increases; 

Area B: a zone where the discharge amount increases almost in proportion to the distance OH; 

Area C: a zone where the discharge amount V d becomes almost constant with respect to the distance OH. 

(With a view given to the discharging speed) 

The discharging speed v is lowered as the distance OH becomes larger in all the zones, but in the area C, the 
amount of such change becomes more gradual. 

As shown in Fig. 4B, when the two electrothermal transducing elements 45 and 46 are arranged to shift in the 
direction of the ink flow, it is preferable to position the electrothermal transducing element 45, which is on the front side 
(on the discharge port 43 side), on the area B or area C, while positioning the electrothermal transducing element 46 
on the area A, in order to enhance the stability of the discharge amount and the shooting accuracy to a recording 
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medium (which depends on the discharging speed v). In other words, it is preferable to arrange the structure so that 
the distance OH from the discharge port 43 to the leading end of the electrothermal transducing elements 45 and 46 
on the discharge port 43 side corresponds to each of the areas described above, respectively. 

In accordance with the present invention described above, it is possible to suppress the variation caused by the 

s individual difference between discharge nozzles (groups) by means of the control that adopts the time differential x in 
accordance with the data on the individual difference between discharge nozzles and or between discharge nozzle 
groups. In particular, for the present invention, the control by means of pre-pulse and the control by means of the time 
differential t are used together, and one of them is used for suppressing the variation of discharge amount caused by 
changes in the temperature of ink and the other one of them is used for suppressing the variation of discharge amount 

10 caused by the individual difference between discharge nozzles (groups). In this way, even when either one of the 
variations caused by changes in ink temperature and by the individual difference between discharge nozzles (groups) 
or both of them are so large that a sufficient controllable range cannot be obtained just by means of either one of the 
control methods, it is possible to obtain a wider controllable range by the combined use of both controls, and also, to 
maintain the discharge amount at a constant value, thus making recording possible to obtain images of a higher quality. 

16 

Claims 

1. A method for adjusting an amount of discharge by adjusting the amount of liquid between liquid discharge units 
20 for discharging said liquid by driving a plurality of electrothermal transducing elements using a plurality of liquid 

discharge units arranged corresponding to each liquid path to create bubbles for discharging said liquid, at the 
same time, being arranged to be capable of being driven individually, comprising the following step of: 

variably controlling the starting time of applying the driving signal to each of said electrothermal transducing 
elements for the creation of bubbles in each discharge unit between said plurality of discharge units for suppressing 
25 the variation of discharge amount of liquid between each of said liquid discharge units. 

2. A method for adjusting an amount of discharge according to Claim 1 , wherein said driving signal is a driving signal 
formed by the pre-pulse for use of heating, the quiescent time, and the main pulse for use of bubble creation. 

30 3. A method for adjusting an amount of discharge according to Claim 1 , wherein the driving signal formed by the pre- 
pulse for use of heating, the quiescent time, and the main pulse for use of bubble creation is given at least to one 
of a plurality of electrothermal transducing elements in said liquid discharge unit, and said driving signal itself is 
controlled variably. 

55 4. a method for adjusting an amount of discharge according to Claim 3, wherein the changes of said driving signal 
are shared by each of the plural liquid discharge units. 

5. A method for adjusting an amount of discharge according to Claim 3, wherein the variable control of said driving 
signal itself is a control to change at least either one of the application time of said pre-pulse or the quiescent time. 

40 

6. A method for adjusting an amount of discharge according to Claim 1, wherein a plurality of said liquid discharge 
units is made a unit, and the correctbn of discharge amount of liquid discharged from liquid discharge units is 
executed per said unit. 

45 7. a method for adjusting an amount of discharge according to Claim 1, wherein said liquid is ink. 

8. A method for driving an ink jet head by driving a plurality of electrothermal transducing elements together by 
providing a plurality of discharge nozzles having a plurality of electrothermal transducing elements arranged to 
create air bubbles for discharging ink, and at the same time, arranged to be capable of being driven individually, 
50 comprising the following steps of: 

executing a first control for applying driving signals, each formed by the main pulse to generate thermal energy 
for the creation of air bubbles; the pre-pulse preceding the main pulse for heating but not intensive enough to 
create any bubbles; and the quiescent time between the main pulse and the pre-pulse, to the plural electro- 
55 thermal transducing elements in order to change said driving signal itself; 

executing a second control for shifting the application timing of said main pulse to be applied to said plural 
electrothermal transducing elements in the discharge nozzles; 

suppressing the variation of discharge amount caused by changes in the temperature of ink by means of either 
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one of said first control and said second control; and 

suppressing the variation of discharge amount between said discharge nozzles by means of the other one of 
said first control and said second control. 

9. A method for driving an ink jet head according to Claim 8. wherein the changes of said driving signal itself is made 
by changing either one of said pre-pulse and said quiescent time. 

10. A method for driving an ink jet head according to Claim 8. wherein the suppression of the variation of discharge 
amount by means of the application timing of said main pulse is performed per group of a plurality of discharqe 
nozzle groups or per discharge nozzle. 

11. A method for driving an ink jet head according to Claim 8. wherein either one of said first control and said second 
control is executed to suppress the variation of discharge amount caused by changes in said temperature and to 
suppress the variation of discharge amount caused by the individual difference between said discharge nozzles 
or discharge nozzle groups when the temperature detected from the head is within a range of a specific target 
temperature, and to suppress discharge amount caused by changes in the temperature of ink by combining said 
first control and said second control when said detected temperature exceeds the specific target temperature. 

12. A method for driving an ink jet head according to Claim 8 or Claim 11, wherein two electrothermal transducinq 
elements are provided for each of said discharge nozzles, and said two electrothermal transducing elements are 
arranged each other in the direction intersecting the ink flow direction toward said discharge nozzle, and timing of 
said main pulses applied to each of said two electrothermal transducing elements is caused to shift. 

13. A method for driving an ink jet head according to Claim 8 or Claim 11. wherein two electrothermal transducing 
elements are provided for each of said discharge nozzles, and said two electrothermal transducing elements are 
arranged each other in the direction intersecting the ink flow direction toward said discharge nozzle and are ar- 
ranged to shift relatively within the range of the length of said electrothermal transducing element in the direction 
of ink flow, and timing of said main pulses applied to each of said two electrothermal transducinq elements is 
caused to shift. 

14. A method for driving an ink jet head according to Claim 8 or Claim 11 , wherein a temperature adjustment is per- 
formed to heat said ink jet head to enable the temperature thereof to reach a specific target temperature when the 
detected temperature of the head is lower than said target temperature, and when said temperature exceeds said 
target temperature, a control is performed to suppress the discharge amount following changes in said temperature 
of ink corresponding to the excessive portion of temperature of said target temperature. 

15. A method for driving an ink jet head by driving a plurality of electrothermal transducing elements together by 
providing a plurality of discharge nozzles having a plurality of electrothermal transducing elements arranged to 
create bubbles for discharging ink, and at the same time, arranged to be capable of being driven individually 

40 comprising the following step of: * 

variably controlling the starting time of driving signal applied to each of said electrothermal transducing ele- 
ments for the creation of bubbles in each discharge unit between said plurality of discharge units for suppressing 
the vanation of discharge amount of liquid between each of said liquid discharge units. 

16. A method for driving an ink jet head according to Claim 1 5, wherein the driving signal given to said electrothermal 
transducing elements is formed by the pre-pulse for use of heating, the quiescent time, and the main pulse for use 
of bubble creation. v 
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17. An ink jet apparatus provided with an ink jet head provided with plural nozzles having a plurality of electrothermal 
transducing elements arranged to create air bubbles for discharging ink, and at the same time, arranged to be 
capable of being driven individually in order to discharge ink by driving said plurality of electrothermal transducinq 
elements together, , a 

comprising the following: 

temperature detection means for detecting temperatures of said ink jet head; 

data storing means for storing correction data to correct the variation of discharge amount between discharqe 
nozzles or between discharge nozzle groups; 

driving means for applying driving signals, each formed by the main pulse to enable each of the electrothermal 
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transducing elements to generate thermal energy per discharge nozzle for the creation of bubbles, the pre- 
pulse preceding the main pulse for heating but not intensive enough to create any bubbles, and the quiescent 
time between the main pulse and the pre-pulse, in accordance with recording data; and 
controlling means for performing a first control to change the conditions of said pre-pulse application in ac- 
cordance with the data stored in the data storing means, and also, performing a second control to shift the 
application timing of said main pulses between electrothermal transducing elements per discharge nozzle. 



18. An ink jet apparatus according to Claim 17, wherein said first control is performed in accordance with the result of 
the detection by said temperature detection means to suppress the variation of discharge amount caused by chang- 
10 es In said temperature of ink, and said second control is performed in accordance with the data stored on said 

data storing means to suppress the variation of discharge amount caused by individual difference between dis- 
charge nozzles or discharge nozzle groups. 



1 9. An ink jet apparatus according to Claim 17, wherein said second control is performed in accordance with the result 
of the detection by said temperature detection means to suppress the variation of discharge amount caused by 
changes in said temperature of ink, and said first control is performed in accordance with the data stored on said 
data storing means to suppress the variation of discharge amount caused by individual difference between dis- 
charge nozzles or discharge nozzle groups. 



20. An ink jet apparatus according to Claim 17 wherein said first control is performed in accordance with the result of 
detection when the result of detection by said temperature detection means is within the range having a specific 
upper limit to suppress the variation of discharge amount following changes in said temperature of ink, and said 
second control is performed in accordance with the data stored on said data storing means to suppress the variation 
of discharge amount caused by the individual difference between discharge nozzle or discharge nozzle groups, 
and when the result of detection by said temperature detection means exceeds said specific upper limit, the in- 
creased portion of discharge amount is suppressed by utilizing the remaining controlling power of said second 
control corresponding to the excessive portion of said upper limit of temperature. 



21 . An ink jet apparatus according to Claim 17 wherein said second control is performed in accordance with the result 
of detection when the result of detection by said temperature detection means is within the range having a specific 
upper limit to suppress the variation of discharge amount following changes in said temperature of ink, and said 
first control is performed in accordance with the data stored on said data storing means to suppress the variation 
of discharge amount caused by the individual difference between discharge nozzle or discharge nozzle groups, 
and when the result of detection by said temperature detection means exceeds said specific upper limit, the in- 
creased portion of discharge amount is suppressed by utilizing the remaining controlling power of said first control 
corresponding to the excessive portion of said upper limit of temperature. 



22. An Inkjet apparatus according to Claim 17 or Claim 21, wherein heating means is provided to heat said ink jet 
head, and when the detected temperature by said temperature detection means is lower than a specific target 
temperature, a temperature adjustment is performed by said heating means to enable the temperature of said 
head to reach said target temperature. 



23. An ink jet apparatus having an ink jet head provided with a plurality of discharge nozzles having a plurality of 
electrothermal transducing elements arranged to create bubbles for discharging ink, and at the same time, arranged 
to be capable ol being driven individually to discharge ink by driving such plurality of electrothermal transducing 
elements together, comprising the following: 



temperature detection means for detecting temperatures in said ink jet head; 

data storing means for storing correction data to correct the variation of discharge amount between discharge 
nozzles or between discharge nozzle groups; 

driving means for applying driving signals to enable each of said electrothermal transducing elements to gen- 
erate thermal energy for the creation of bubbles per discharge nozzle in accordance with recording data; and 
controlling means for performing a control to shift the application timing of the driving signal between the 
electrothermal transducing elements per discharge nozzle or discharge nozzle group in accordance with the 
result of detection of the temperature detection means, and the data stored in the data storing means. 

24. An inkjet apparatus according to Claim 17 or Claim 23, wherein two electrothermal transducing elements are 
provided per said discharge nozzle, and arranged each other in the direction intersecting the ink flow direction 
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toward said discharge nozzle, and the application timing of said main pulses to each of said two electrothermal 
transducing elements is caused to shift. 

25. An ink jet apparatus according to Claim 17 or Claim 23, wherein two electrothermal transducing elements are 
5 provided per said discharge nozzle, and arranged each other in the direction intersecting the ink flow direction 

toward said discharge nozzle, and are arranged to shift relatively within the length of said electrothermal trans- 
ducing element in the direction of ink flow, and the application timing of said main pulses to each of said two 
electrothermal transducing elements is caused to shift. 

10 26. An ink jet apparatus according to Claim 17 or Claim 23, wherein said ink jet head is an elongated head structured 
by chip elements, each having a plurality of discharge nozzles, and said plural chip elements are arranged in one 
line in the arrangement direction of the discharge ports of said discharge nozzles. 
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27. An ink jet apparatus according to Claim 17 or Claim 23, wherein said ink jet head is a head structured by use of 
a plurality of chip elements, each having a plurality of discharge nozzle, for use of different colors or kinds of ink. 

28. An in k jet apparatus according to Claim 1 7 or Claim 23, wherein said ink jet head is a high resolution head structured 
by a plurality of chip elements, each having a plurality of discharge nozzles at equal intervals, and said chip ele- 
ments are stacked while being displaced by pitches corresponding to the recording resolution. 

29. An ink jet apparatus according to Claim 1 7 or Claim 23, wherein the variation of discharge amount caused by the 
individual.difference between discharge nozzles or discharge nozzle groups is detected by reading out the density 
unevenness of prints, and the control of discharge amount is performed to eliminate the density unevenness. 

30. An ink jet recording apparatus or head having a plurality of discharge ports for ejecting liquid to form dots on a 
recording medium or a method or a control circuit for controlling operation of a plurality of such discharge ports, 
wherein the relative driving conditions (for example the relative durations and timings of signals for causing dis- 
charge and/or for effecting prewarming) are controlled so as to suppress or inhibit variations between the discharge 
ports in the amount of liquid ejected in response to a signal intended to cause a given amount of liquid to be ejected. 

31. An ink jet recording apparatus or head having a plurality of discharge ports for ejecting liquid to form dots on a 
recording medium or a method or a control circuit for controlling operation of a plurality of such discharge ports, 
having the features recited in any one or any combination of the preceding claims. 
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